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Wiggans and Frey: Nitrogen Uptake In Oats

Nitrogen Uptake In Oats1
By S. C. WIGGANS AND K. J. FREY
The differential ability of strains of a crop species to absorb and
utilize nitrogen has important implications in the development of
new field crop \'arieties. This fact becomes more important with
the increased need for nitrogen fertilization that is necessary to
maintain and improve the yields of crops. Varieties of crops which
produce relatively high yields when grown on soils with limited
amounts of available nitrogen will undoubtedly be more popular
in the future.
Harvey (6) found that some com inbreds were more efficient
than others in utilizing soil nitrogen. This characteristic proved to
be inherited in crosses between good and poor nitrogen utilizing
lines.
This report is a summary of greenhouse and field experiments
conducted to determine the total nitrogen accumulation in a number of oat varieties at different stages of growth and at several
levels of nitrogen fertilization. In some experiments the nitrogen
was measured in both the vegetative tissue and the grain; in others
only the grain was analyzed.
MATERIALS AND METHODS

The data reported herein arc from experiments in both the
greenhouse and the field, at Ames, Iowa, in 1954 and 1955. The
two greenhouse experiments with six oat varieties were grown in
sand in two gallon crocks (figure 1) and subirrigated with nutrient solutions twice daily. The nutrient solutions used are shown in
table 1. The solutions were changed five times during the growth
cycle of the crop; 0, 30, 45, 60, and 75 days after planting. The
four levels of nitrogen compared were 0, 75, 150, and 600 mgms.
of nitrogen per crock, for the full growth cycle. One-fifth of the
nitrogen, in three and one-half liters of solution, was supplied at
each change. The oat plants, grown six per crock, were harvested
approximately 90 days after planting. The experimental design
was a randomized block with three replications.
In the 1954 field experiment ten varieties of oats (table 10)
were grown on plots fertilized with 0, 20, 40, and 80 pounds of
nitrogen per acre, immediately after planting and 2, 4, and 6
weeks after planting. A split-plot field design with three replica'Journal Paper No. J-2944, of the Iowa Agricultural Experiment Station, Ames, Iowa. Project Nos. 1139 and 1176. In cooperation with the
Field Crops Research Branch, Agricultural Research Service, U. S. Department of Agriculture.
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Figure 1. Greenhouse hydroponic equipment for nutrient solution studies on oats.

Table 1
Concentration of salts, in mg. per liter, for nutrient solutions containing
four levels of nitrogen.'
Levels of Nitrogen (mg./crock)
per solution change*

Salt
0

15

30

241
415
88
272

241
415
88

241
415
88

39

78
5
5

KR.PO,
MgSO,
K.SO,
Ca(H.POa)•
Caso.
KNOa
FeC,H.O.
Trace Elements

5
5

,5
5

120
136
. 241

107
5
5

· ·3.5 liters or solution were used at each change.

tions was used. The whole and subplots were fertilizer date and
rate combinations and varieties, respectively. Each subplot consisted of one row eight feet long. To insure adequate amounts 9f
available phosphorous and potassium for optimum plant growth
300 pounds of 0-20-20 was applied to the experimental area before
planting.
.
In the 1955 field experiment whole piants of the four oat varieties, Branch, Cherokee, Clinton, and Mo. 0-205 were harvested
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(at ground level) at weekly intervals beginning 17 days after
planting. A total of twelve harvests were made. Three replications
of a split-plot design were used with the whole and subplots being
harvest dates and varieties, respectively. Each subplot was one row
eight feet long and contained approximately one hundred plants.
Nitrogen analyses were made upon: (a) the grain and vegetative tissue from the greenhouse experiments, (b) the grain from
the 1954· field experiment, and (c) the vegetative tissue for all
harvest dates and the grain for the last four harvest dates in the
1955 field experiment. The official A. 0. A. C. Kjeldahl method
( 1) was used for determining nitrogen content. The nitrogen
contents for the greenhouse experiments are reported herein as
mgms. of nitrogen per crock and for the field experiments as percentage of dry weight.
EXPERIMENTAL RESULTS AND

DrscussroN

The distribution of total nitrogen in the oat plants varied with
the amount available for growth. In the greenhouse experiments
(table 2) when only 75 and 150 mgms. of nitrogen per crock were
Table 2
Total nitrogen in the grain and vegetative tissue of oats at maturity whf'n
grown in nutrient culture solutions in the greenhouse at
Ames, Iowa, in 1954 and 1955.
-------

0-'itrogen
supplied
per crock*
(mgm.)
75
150
600

Nitrogen
in Grain**
per crock
(mgm.)
57
95
176

'.\iitrogcn in
Vegetative
Tissue**
per crock
(mgm.)

Percent
of Total
'.\iitrogen
in Grain

14

80

35

73
57

133

--------

*Six plants per crock
**Each value is an average of 6 varieties

available for the growth cycle, 80 and 73 percent, respectively,
of the total nitrogen in the plants was in the grain. Much more
nitrogen was absorbed into the oat plants, however, when a large
amount was supplied. Chemical analyses of the roots and the
solution remaining at each change accounted for most of the
nitrogen not present in the above ground parts of the plants.
Apparently when the available nitrogen was limited an increased
proportion went into the developing grain.
Total nitrogen in the grain and vegetative tissue of the six oat
varieties grown in the nutrient solution cultures, with 600 mgms.
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of nitrogen supplied per crock, are shown in table 3. The ratio
of grain nitrogen to total nitrogen varied among oat varieties.
For the Clintland, C.I. 5298, Huron, Minor, and Mo. 0-205 varieties, approximately 60 percent of the nitrogen in the whole plant
was in the grain; in Craigs-afterlea only 44 percent was in the
Table 3
Mean total nitrogen in the grain and vegetative tissue of six oat varieties.
grown in nutrient culture solutions containing 600 mgms. of nitrogen.
Experiments conducted in the greenhouse at Ames, Iowa, in 1954 and 1955.

Variety

Clintland
Craigs-afterlea
C. I. 5298
Huron
Minor
Mo. 0-205

Nitrogen
in Grain
per crock*
(mgm.)

Nitrogen in
V egeta ti ve
Tissue
per crock*
(mgm.)

172
164
188
161
192
181

102
207
143
115
130
106

Percent of
Total Nitrogen in Grain
63
+4

57
59
58
63

*Six plants per crock

grain. The amount of nitrogen in the grain of Craigs-afterlea was
about equal to that in the other varieties, but the nitrogen in the
vegetative tissue was nearly double. This was due to a higher
percentage of nitrogen in the vegetative tissue of Craigs-afterlea
and not simply to a greater production of stems and leaves. In fact,
Minor and C.I. 5298 produced almost as much vegetative tissue
as did Craigs-aftcrlea (table +). As shown in table 5, when nitroTable 4
Mean total dry weight in the grain and in the vegetative tissue of six oat
varieties grown in nutrient culture solutions containing 600 mgms.
of nitrogen. Experiments conducted in the greenhouse
at Ames, Iowa in 1954 and 1955.

Variety

Clintland
Craigs-afterlea
C. I. 5298
Huron
Minor
Mo. 0-205

Dry Weight
of Grain
per crock*
(gm.)

5.4
5.7
6.6
5.5
6.7
5.2

Dry Weight
of Vegetative
Tissue
per crock*
(gm.)

14.3
21.7
17.8
15.5
18.3

14.4

*Six plants per crock
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Table 5
Mean total nitrogen in the grain and in the vegetative tissue of six oat
v<J.rieties grown in nutrient culture wlutions containing 75 rngrns.
of nitrogen. Experiments conducted in the greenhouse
· at Ames, Iowa. in 1954 and 1955.

Variety

Clintland
Craigs-afterlea
C. I. 5298
Huron
Minor
Mo. 0-205

Nitrogen
in grain
per crock*
( rngrn.)

Nitrogen in
Vegetative
Tissue
per crock*
(mgm.)

57
49

21

62
54.
58

65

17
13
12
13
9

Percent of
Total Nitrogen in Grain
77
70
83
82
82
88

*Six plants per crock

gen was limited more of the nitrogen taken up by the plant remained in the vegetative tissue of Craigs-afterlea than in the other
varieties. Should this characteristic of the Craigs-afterlea variety
prove to be heritable plant breeders would do well to use care
in selecting strains from crosses involving this variety. Generally,
available soil nitrogen is quite low in oat fields in the Corn Belt,
and it may be assumed that a variety which concentrated quantities
of nitrogen in the vegetative tissue at the expense of the grain (as
Craigs-afterlea did in the nutrient solution experiment) would be
undesirable.
The percentages of nitrogen in the vegetative tissue and in the
grain of oat plants harvested at weekly intervals throughout the
growth cycle in 1955 are presented in tables 6 and 7, respectively.
Table 6
Total nitrogen percentage of the vegetative tissue of oat plants harvested
at different intervals after planting in the field at Ames, Iowa, in 1955.
Nitrogen
Date of Harvest
April 22*
April 29
May 6
May 13
May 20
May 27
June 6
June 10
June 17
June 24
July 1
July 8

( % of dry wt.)
5.06**
4.39
4.73
4.82
4.25
3.27
2.37
1.48
1.16
1.07
.68
.55

* 17 days after planting
**Average of 4 varieties
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Table 7
Total nitrogen content of oat grain harvested at different intervals after
planting in the field at Ames, Iowa, in 1955.
Date of harvest
June 17*
June 24
July I
July St

No. of Days
after Heading

7
14

21
28

Nitrogen
( % of dry wt.)**
1.92
1.87
2.03
2.12

*Planted on April 5
**Average of 4 varieties
tGrain was mature

The nitrogen content was about 5 percent in the oat seedlings 17
days after planting. From April 29 to .'.\fay 20 there was a relatively constant nitrogen percentage, of approximately 4.5 percent.
The most rapid decline occurred between May 20 and June 17,
which also was the period of most rapid dry weight increase. There
was little differenct- in nitrogen content of the four varieties,
Cherokee, Clinton, Branch, and Mo. 0-205, at any stage of growth.
The total nitrogen in the oat grain increased from 1.92 percent
seven days after heading to 2.12 percent at maturity.
The total nitrogen percenage of oats harvested from plots fertilized with different rates of nitrogen are shown in table 8. Neither
of the lower application rates changed the nitrogen content· of the
grain materially. The 80 pound rate, however, substantially increased the nitrogm content of the grain. Carson ( 4) fertilized
Clinton and Boone varieties of oats with the same rates of nitrogen, as those reported here, on seven different soil types. On three
of the soil types his results were similar to those reported here,
while on the other four the nitrogen content of the grain increased
with each added increment of nitrogen fertilization. Brieba (3),
and Thatcher and Arny (8), also found that each added increment
of nitrogen applied resulted in an increase in the nitrogen content
of the oat grain.
Table 8
Total percentage of nitrogen in oat grain from plots fertilized with different
rates of nitrogen in the field at Ames, Iowa, in 1954.
Rate of Nitrogen
Fertilization
(lb/a)
0
20
40
80

Nitrogen
(%of dry wt.)*
1.99
1.96
2.04

2.16

*A veragc of 10 varieties
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The nitrogen content of the grain was approximately the same
regardless of whether the nitrogen was applied immediately after
planting or was delayed for 2, 4, or 6 weeks after planting (table
9) . These results are similar to those of Carson ( 3), who reported
that a 40 pound rate of nitrogen fertilization applied anytime within 5 weeks after the oats emerged resulted in the same nitrogen
content in the grain. Appleton and Helms (2), Smith (7), and
Carson ( 3) found that only late applications of nitrogen caused
appreciable increases in grain nitrogen content.
Table 9
Total nitrogen percentage of oat grain from plots fertilized with 45 pounds
of nitrogen per acre at different intervals after planting
in the field at Ames, Iowa, in 1954.
Date of Nitrogen
F ertiliza ti on
( wks. after planting)

Nitrogen

( % of dry wt.) *
2.10
2.04
2.03
2.06

0

2
4
6
*Average of 10 varieties

The average nitrogen percentages in the grain of ten oat varieties grown in 1954 are shown in table 10. Huron had the lowest
and C.I. 5298 the highest grain nitrogen content. This agrees with
the results reported by Frey and Watson ( 5) from Michigan. The
other varieties ranged from 1.82 percent for Vietorgrain to 2.15
percent for Clintland and Marion.
Table 10
Total percentage of nitrogen in the grain of oat varieties fertilized with 45
pounds of nitrogen per acre at Ames, Iowa in 1954.
Nitrogen

Variety

( % of dry wt.)

Bond
Clintland
c. I. 5298
Gopher
Huron
Marion
Mo. 0-205
Park
Simcoe
Victorgrain

2.08
2.15
2.48
2.08
l.66
2.15
2.01
1.97
2.12
1.82
SUMMARY

From experiments conducted in 1954 and 1955 to study, (a) the
effect of various rates and dates of nitrogen fertilization, and
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( b) the stage of maturity, upon the nitrogen content in the grain
and in the vegetative tissue of different oat varieties, the following results were obtained:
1. For five of the varieties a greater proportion of the nitrogen
was accumulated in the grain when a limited amount was available than when the supply was adequate. However, the variety
Craigs-afterlea accumulated nitrogen in the vegetative tissue at
the expense of the grain at low rates.
2. During the growth cycle there was a gradual decrease in the
nitrogen content of the vegetative tissue from 5.04 percent 17
days after planting to 0.55 percent at maturity. The most rapid
decrease came during the period of greatest plant growth.
3. The application of -tO pounds of nitrogen per acre had little
effect on the nitrogen content of the grain but 80 pounds caused
a marked increase.
4. The nitrogen content of the grain was approximately the
same regardless of whether the nitrogen was applied immediately
after planting or was delayed for 2. 4, or 6 weeks after planting.
5. The range in the grain nitrogen content of different oat
varieties was from 1.66 percent for Huron to 2.48 percent for
C.I. 5298.
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